where hc, hs, hf, hr are total conductance, conductance through solid points in contact, conductance through fluid, and radiation conductance respectively; Rc is the total thermal contact resistance, q is the heat flow rate, A is the total contact area perpendicular to the direction of heat flow and AT the temperature drop across interface.
An expression for total heat conductance across parallel surfaces for pressure of < 1 pHg is given by1 and is defined by Eq. (2):
Work performed under the auspices of the U.S. Even though the majority of conductance is carried out through solids, i.e. radiation conductance is almost negligible in the absence of high temperature, the obtained experimental results have in effect included all these three conductance terms (hs, hf, hr).
The conductance efficiency basically depends on the following factors: 1) Surface Condition, i.e. flatness and smoothness, 2) Material itself, i.e. type and hardness; 3) Nature of Interstitial Fluid, i.e. liquid, gas, or vacuum, and 4) Contact Pressure.
The gradual increase in contact pressure will cause deformation and increase the size of points first due to elastic, and then due to plastic deformation.
This effect in turn will cause an increase in contact area. One could improve the conductance by insertion of softer material, such as a shim between interface block. This would appreciably increase the conductance rate and subsequently lower AT.
Method of Measurement
In designing this experimental setup, a few i mportant criteria were kept in mind: 1) Obtaining a high vacuum which will cause sufficient resistance to heat flow, 2) Establishing a positive uniform force on the interface, 3) Maintaining a well controlled and stable thermal load source and, 4) Employing fast response time instrumentations for transferring and recording generated data.
The apparatus which is used in this experiment is shown in Fig. 1 . The vacuum is achieved with the aid of a turbo-molecular pump, and the thermal heat is supplied to the interface blocks by a D.C. power supply when a vacuum of 10-Torr or better is attained.
To counterbalance the unwanted vacuum force on the bellows, some appropriate size compression springs are adapted. Various manufacturers provide a variety of mathematical as well as empirical methods on how to obtain load/deflection curve; however, in order to minimize the error, the curve for use in this study is produced by a universal tension/compression machine for a stack of 30 springs.-It should also be noted that the use of a heat pipe system acts as a means of transfering heat from interface block to the condenser side, the later of which is eventually cooled by house water.
An IBM PC microcomputer, equipped with a multichannel temperature data acquisition system, is utilized in this test.
Fast time response thermocouples take the sample temperature signal from inside to the outside of the vacuum chamber through the feedthroughs. An The design of a pinhole assembly for Xl beam line at the NSLS consists of beryllium copper as the thermal absorber and cooling blocks, and a thin platinum shim (100 pn thick) as pinhole piece. The results in Fig. 3 show that the conductance rate steadily increases with an increase in contact pressure, but the rate is smaller when compared with copper alone.
This difference is due to lower thermal conductivity and also to a greater hardness of beryllium copper. The insertion of a platinum pinhole piece has increased the rate of conductance by 30%, to almost that of copper. As the hardness of the insertion piece decreases, as shown in the case of indium shim (Figs. 2 and 3) , the conductance increases considerably.
